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SvEDinuy 

CDi4* cell, ia human cord blood and matte* are known to give rile to clendritic eelW (DC). 
tt wall ■$ co other rqplcid lineagei. CDS4 A call* axe tare in adult blood, however, raikiag it 
difficult co uia CD94* edit to jtonain if DC ptoganiton nc present in the eutulation and 
if blood can be a fiartiag point to obtain largo punban of then inuaimotrimuUiory antigen* 
rjretentwg calif for .dtoleal studio*. A lyueraatir: acarca for DC progenitors wis tbjrstor* carried 
out is awvral contexts, la each east, we looked initially tor the distinctive r/rolifsraeiiig agcjieganej 
that were cbaeribed pwviowly in mi«* b cOic blood, it was ooly aeceseery wdepkn erytbxoid 
pragenitott, and add eTaoulacTWraaereahage colcny^tnttileiuu fetor (GM-CSF) together with 
tumor ueeroiu avetar (TNT), to ebstn* many aggregates and the production of typisi DC 
progar/- I» adult blood from poena weaving CSPi after chemotherapy tor malignancy. GM- 
C»iadTiSffliWietg6^td However, 
in id'ilt blood from healthy donors, the above approach" only generated small DC eggregena 
which thai leaned to become monocyte* When iaterlsukia 4wai oacd tc impress moD«yte 
deWopnem Oanasa, J. H.. G--J. H. M. Wentjcni, W. fi. Hsbe, R. WO™** C 
Muin-Ndainan.. 1989. J. £7 A«ed 17U:S77.), the addition of GM-CSF lad » the formation 
of lam atobimtlitg DC aggrcgatea aad within S-7 d, many nonprolifoating progeny, about 
3-« raJDiOD colls per 40 ml of blood. Tha progeny had a cbarectexbtk morphology aad terrace 
coiDpoddoa (eg., abundant W.A-DRaadaceeuoryaolocttla. roe^m-Jawd 
wereptnt idmulawn of quiescent T cells. Thcrc&JC. large aumbtn of DCi eaa ba eubaiiad 
by ipedfk cytokines from prt|eniwB in the blood sficaa. Tb*e TalatMjr larga wimben of 
DC i ™»yabould frdliute .W H«di« of their PofiW aad CD4 rearpton. «d chair use 
Is inmukring T cdl-cicdiatad rttistaaoa to vimaa and woiora, 



Deadlftfe cs&l (DCf pxevide an efiective pathway for 
[iiaiBiiilim aimgim m T -"- — » J *-«»"fl-"' 
during T ettt da^opowBi «ad Jbraiga aatagtns doring im- 
a>ur4ey (far a mHav at* ufanuio 1). Aa iuch, tba deuaaa- 
cixmof<lncfc>piB<^parJj^ 

iapocciBeav By idaautyiag the atca is which DC ptogen- 



1 c Qrmar wu « 4Maj icunatt ham tae Cterifi, Hunbal*- 
Uahaarv! Bafia. Gawa^lli *dta »M|fc awl«d»-na«r « Aprfl 
IMS. 



lAVmU** mi k tkt jmpr. DC. drtdrlde cell. 



inn an {bond, ai wall as tha nqvuita eytokuei br thar 
pr oufinatioa aad mttvtatioa. one waold hew much better 
toot co a call type that metUatn clonal deletion of autoreec- 
tha T celli in the thyrttUi (2) at well at elonal tewidtatioa 
t( Twiphtaal T oalli (M)- , 
Two tfanro an wctt detailed tax the DC developmental 
pathway; DCi eao originate fan bone Barrow progenitor* 
(7-10). tod both the proliferation asd maturation -oi DCa 
an cni^Dcadby tha eytokiae GM-CSF (U-31). Early dewiled 
deacripdoru of the tarnation of DCs boa pnliferatlag pro- 
BOiirart were obudaed using motue blood (111 aad ihoitly 
Therea&et. mouse marrow (12). k was noted that eaMHC 
data H ttagethe precunor could be driven to forrri dutmc< 
riw, prelifaatiBg aggteguei which is turn gsve rise to cyp- 
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leal Boqproll&nciagDC 
of rwium: imgttlir cell 
' ithit 



KiffMrtna^ pottP itmukt on 



CDA 



(U. U) 

Tccflmu of bapboid 
Wor«porahi»ialM 
primarily witim the 
(U, 15) mi dull n 
biH» of thil tdcrmaiion 
and to ftui with the 
npemad yirUi of proge 
to mc DCi co aunipuk 
i human T calk Gwea 



pogaaw. The Utter exhibit t tetrad 
thipe tod motility tbuaoWa of 
inralwoi (a to%cti«« iadt«a pie- 

mpooM (22), tod homiag to tot 
WW in ticxL 

iefioed DC jnecanon in humiai» 
'+ ptpgnicor pool la cod blood 
(le\ 23). Howeee* the ratio* 
bis been aamewhar limited by the 
a CD34* nbiet. lb dite, the 
' alio m inuQ ifoae U ujiiruij 
the iauaaae rapaoao ia lutolo* 
thoopidtyofDQ focfefctttoaff 



gciucaaMi^upitBw^o^ddr] _ 
Sma blood u the taoft i ttttribli little to 
ict out to attend the fit dbgi 
blood Co huouiu. H< 
ejowthbjaddiaf GM-C$F 



huaea 



chin tt&dodi thit DC 
blood bwabaeai fan 

aiajyau of too arisen i 
cbk in bttaia blood ia 
here* thtpuunoten chit 
(H)*e» laded appttoi 
With aeonsal cord blood 

csr 

cdtarii ould be eroded 



** tb* foaendoo of taiga 
K^iMofpreIi£enaaiB 
bfnettoo ofGlftVGSF tad 
M sauHoa poteat DCs 



OJmmm*m> ^Baiaad RFMI 



s-iniea(M*cfar04h; 

la 



wiifcxity provided by 
Vlaeaa. Aanria): Tra>« (ft 



tela* aad Brier p m «PU 
(HoBttiao U RooUXod., T 



tOMioatttt ftoa 04 aac* 

ehaeei (mm OojnST^^ 
/Mk MfcuaoiilM 

I b»): VtVU, 
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that van moned ia neuie 
when wo cried to Induce DC 
co human blood, wo identified 
SUthcx 



m it is noun 
blood, we performed * <t ep- 



■ad pvogeoieai popelariooi tail 
kAiiidevt 



deacribed 

woducriw with ounce blood 
to aumiai ii loag u ooe begta 
£raa iduiu who vera ncari&g 
oaotheripy, Kaowtaej chit the 
tea mk* tt humaa* en thta 
horn hetlihy acluln. Coadiiieat 
rombert of typical DCi froraaf- 
jgeaf con wese (dtndfiad. A cost- 
t-4 tfpcodWUj ptwido abotu 
4om • 46-oji blood aarnpla. 



1640 mpploxicnt^ with 200 
20 ft/ml pnomkis* lad rUcr 
V. Batlia, Gcr- 
m with 5% cecd blood emim. 

oaves? pa m ur u/»«j 



a UF U/m|) by Oz. O . IL Adolf 



3C10udlAM3L 

UoMl. tad<U)lS (_ f , 

tnl-), ieti*yWWCfiS2i lS-tfati*ERI(f..p. Kii^ N«S 
uirotua aFAn™«adlnfccaoMDi*oMo^ Nttaooal laidtutw^ 

«^«aU Radtoa, *(J); Uu4 (HD) and OKH3 (Onbo), 

V1MJ. aati<2»4 (W. Saapiv Unlwilcy of Viae**, VUtoL 
Auiuia): G22-S, uti<D40 0. A. Xedhatter, Bdatel^jn S«S 
ftaratttkal p^acb s^ttU WAk 1BU3. anti-W 

•no-cma (beih fioal T. ftk ftee Uataalf* Aautwdam. Thi 
NttbatUadi); ImMS, tnihCDUe (BO)) 7W, tacinattnlhi£ 
i&**cu*uix& J(ICAM-1)/CD54 (H P. Diokb. Ueiveato 
of laaibrack, biuhrack. Auacda); AICDS«, a&O^LFA-3/CD3l 
a^UMewh, Maeealta, leaaee); BBt, ia^B7/B8i;CDtO (E. A. 

C»l**lfDCfimC*laLoi Ceedblo^akeiii!: 
catc^ttiutUtttleail r^kfiea deria* aotmat fbU-cena daHv^ 
c^P^Cw^ia^byft^eal^ 
OaU Ketwty), wiaM laeoina^ 

tioei of aadplytopheito mAh aneV-HLA-DR and aeri-CDS, 
waihoi pieaad (ID aaa oo (da, the. 30 o^Kioomeempwww, 
twi« omo Ucusul pmi dubci coawd wish eoac lob-mouM Ie 

W). Iw Mnudhawu oactloajwafttbopJa^b 34-w^olih« 
(Cot v Ceie,. QKhtty* MA) aad cahuied ai datahea bi eV 
tad ia BUnifak 

Cftiaot t/DOfiwm <W AW a/Caw leiom feriphcnlbbod 
wai oboiaed with tea iafonaadoaaamt of caatar pateab com- 
pto itaiaym eariag hmtefXHagc tcLfmxy afar k'|Moi< <?c»v 
^^^^^art*^ «d rohaitMoi^r admbiniatloo .»f 

Baad. Swioaabod) to tS packoti wick WkWbQpU^ B( ! 
5,^7115^ ^ * CM-CP (400 it f huian 

rCM-CSP (tiukoaWl tadem* BaaaL Swicaatavoj to oaf padaat 
wi& \aikmk tad two padaatt wlih uUd cuoian. ?£MC woe 
pcpm) by -dimaoUtton ialppboptas, coatad wfch aeo-KU- 
D&pku anti-CD3 mAba, waahat\ aad pasAadti 



Nu % Kj> IW wweomjr*«ul3y ob- eoidlao to che protocol daaariawi in detail is Stcrola. 



U^Bf) (0 BaTfloe Coip., 



Cao»hHds% . 
COI cab 0 ^ lfr 
aUCfOv (O(ba^a0 Lot, fiaad, 

UAnf)oojafotofpLLpA£k 

MA). rW anafccSF m 



_ aaouae oiAbf (aaa nftiami. 24 
aata-HLAAAO (HMS from aba 



Uouasaid Vlaw. idaiivt ndfaeaajeii waia 



milfa»ii« DwaVnW Gdi la 



a&L* ift>Cfmm <a# 8W ^ Aio% iOOo. PBMC M 
pboiBed ban cicUt 45-100 eel hapadaiaad 6nk wheh) bleed or 
ltyko^tomW butV ca»t» (2>> aad ptoeaiiad as oacaaai In 
detail to lUeaita. 

Phm^fkAnM^ W pt*DXTOid pbcspryik aoalju oactly 
a> aWftMd pimiooar/ V mmyooUbtbai nd fiow cytom^ 
«ttv laaljaJa, aad b/ immutt^iiiMfaaaainiiiuiiiuiifluorncang on 
alls cytoiOQA or lEtaebad by paa>i-biiM ao flui alieaa. 
JCrtiMmlHmAM* Allo^toale frlnnp MLJL and oa- 

af daacifbed (29). 
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yfc tyittinatically evaluated three different situations co 

: DC* ham proHfasting preganimrs in blood. Oui 

Mb wete to eiioe requisite aitaia And cytokines for ptoll&r- 

;^Qj54- progenitor populations which are n few in 



£)W Monormlntr Cffifr ai e Sonrtifir DC hvgn* 
ta Uft began with coid Mood, iiM 1 prior n^toid 
that 0.5-1* cnndied (>9t%) CD34' aid blood 
aill could give riie to 1*2.5 k 10 7 DCi if cultured fat U 
j |n 1 ^mbinetion of GM-CSP and TNP (14V A limitation 
w tUs pwrious protocol wu that cord blood only eontaint 
aW.6% CD34* cells (30). Therefore, we asiesied a prior 
ttchaiqi; with idulc mouse blood (11) in wbkb unfattio* 
ttod cells or MHC class II negative edit, wen cnlturad in 
GM-CSP, We found thai the varying, yet aubmntifcl p*r» 
omtage of nucleated erythredd cells Is humtn cord blood waa 
Icade and that these could be removed by panning with an* 
dgbeopborln A mAb. wb begin, then with erythraid- 
dnfeted eatd blood edit with alow buoyant density (<1j077 
g/£|) and pUted these at 1-2 x 10* /mi in 1 ml of lUndard 
medium supplemented with OM-CSP (400-800 U/ml) * 
TNP (50 U/mll. The wells wflte fed vwy Othft djy by 
aapirtiiug 0i3 ml medium iftd iddlng back 0.5 ml medium 
with cytokines. 



The subsequent events wen similar ro thoac described pre* 
viouily with mouse blood. Flat, small adherent aggregates 
appeared after 4-7 d (Fig. L A and 5). Many of tbe periph- 
eral cells displayed a veiled or dendritic appearance, and time 
adhnd loosely to a nest of spfadle>«hapia cnJU> Nonadherent 
eelli could be muuw e d by carefiil rinsing in warm medium, 
but this wis ut atsotiaf. The ftdhtteat tggttgatei enlarged 
o*er the next 7*10 d, indiestlng proliferative activity (Hg. 
1 q. Typical 'Sailed" DCs (Hg. 1, £ and E) Were then 
releaaed* These DC aggregate! only developed if GM-CSP 
W*l edded to the mwfcnrn TNP although not essentia]. In- 
creased aggregate sine and DC yield by 50-100%. It was ad- 
vantageous to temove the TNP during the last 1-2 d of cul- 
ture to permit the release of single, mature DCs. 

The released DG were identified by three leti of criteria. 
Ttat, the edit by inratodphm contrast miooicopy showed 
characteristic thin motile cytoplasmic processes or veils (Hg. 
l k D and E). The typical ultmtruetuie of DCi wis noted 
by electron mkroaoopy (see below). Only one tangez- 
hana coll granule (Birbeck granule) waa found in 100 call 
profiler Second, the DCi had tbe itudord phenotypc wc, 
HLA-DR rich but negative for marken of other «IU e.g tl 
CD3/14/19/2Q. Like epidermal Laagvhans alls, CDla was 
detected but only 1-2% of the cells reacted with an anftigen 
associated with Langahani cell granules (aim-Lag) (26). h 





Picosa 1. Dwdepami ef DCi la Liquid mlruna af cord blood 



kuawf calls 1 eflbamrad with GMOP asdTMP.Ate6d.enaa tfheifft 
t H11 U nsgefft«seen iwadi ibat Amy 4laplw sypIeJj^ st ^alfn (e«* 
and iet .find » ttimm* tpliidk-bapfd aslli « , At i*1 14, DC .gr«t» Umm ffiaeb W (Q, .od dan flf* 
uogk DO whtek Mi^my mav 9**wu* (D» brlgtit bid), aoaWy cBaacmOw l«tw« laJleaic* aac nah wd tbsi aepm n (£- ptoe 
coanaic). (AndC) *23; (BJ ■IQO2 (D aad 61 alSd 



tggtcpiei art Mslria andlf the bfcrMpbaM cent*" > . , , 
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BLOOD 



ooraM*Ti#i 




PATIENT BLOOD 



|DC(QM+TNF) 
„„JDC(3M) 



none 



NORMAL BLOOD 




B 



NORMAL B L 0 O 0 





NORM ArL BLOOD 



NORMAL BLOOD 




I 





F 


\dO(QM+B.4J 









IttBO 



Number of stimulator cells / well 

2. TccO idmaktofx facte (pttnuiv tllogaidc MIA) of diedrilK obEi (DC) grown b» «rfbUd wi± OlMSt ' pta» TOf* (rf), 
; groom viih GMCSF trhu TNT torn the blood a mam paten ifter ^Wo» chenotompy mi MB tmmnk £), u^PCrowt, f «* 
JSl periphml blood «fth OM-CSP pfcu 1»« (Q* « wi* GM-fctf pfi» ^ (0-/). *T^^l^JEI**i ^S&T^ 

afli, cannn whh H* 3) mo mipimi both wfeb tyjurod fptdefflul bfifiehm *Ub<LC) From thu^iUor «£> *ftd edtk ipoor* ■te!e* v 
afl pBB»*tei (whole ffBMC b D cad Ei odhifiDi owf hegoi Braiboai culram In C; ted coaaol odnm fjwli Id tkdfenaof ****** 
in No* «et DC n» 10-90>Ud unmeet then PBMC (Dindffior *f«ehaa« (C) ud fihv ^ «■ tep*bW wi* DC from ikta i (0) 
ID H Mr. BudE iW thi ■nhmrlut effect of 0*1 (uddod duriaj ihe Uk 24 h of culnne) oo tbt T beH idinilitocy apiaiy « DC*. Wtteot 
e^oWooi *> femiDotdiiUjTitnrj DC* 2fWop b the ooImi 



1i imoMting to note due thaw wae In the Center erf care 
nnAul tggftgus, Third, dbe cord blond-derivod DCi were 
poBni tnmukion of rating T cells in the primary MLR 
(Kg, 2A)u lOell as andativc mitogeneri* (data noc ihcwn). 
Thi IsduilOD of TMT In the eultuti medfaa increutd the 
immunoittouliwty Eu&cte of the DCi (Hg* 2 A). 



The above protocol hai proved ttpmdudblfl In 21 inn* 
dardiicd expciimoats ind fynr**** l-S x 10 1 DCi from 
40 ml of coed blood » i purity of 20*50% f&bli 1). Puricy 
on bt incniiid to >00% by featta on mnifiasjdf (28) 
columni VR ooaolude that (a) I; is not unu**y so enrich 
for CDS* - pneunon to gttttt *» typical DCs from coed 



Table 1. IPC AdjwAm hi Hum** BhxJ 



Typ» of blood doses 



Noo&atal. coed blood 

Adult blood, peitat* 
cbemotberepy, tad 
CSF tkempy 

Adidi 



laritetot of DC 
progtnitoa 



lUeeowe glpcopborin" 
etythioid cbIU 

Rabovv CD3 w and 
KIA-DR* cclli 

Bulk PBMC* 
adbmai ud 
loosely tdhereov 



Time of 
cultuie 



DCyinldt/ 
40 ml blood 



i 
16 



S-7 



1-5 « 10* 
3-1 * W 



Pesosat DC 
Bariehfflent 



Cywkioti 
idded 



S 

2CV50 



4040 



GKfcCSF 
TNF-o 
(SM-CSF 
TNP-o 

GM-CSP 

114 



86 Piqlifcnfing Dcodriik Cdl PftigomTOA ia Huxnofi Alaod 



cnttru 



*W bloc* end (A) d* 

jimii gltMl of proii 
3tt»pHeAI* to : 



prolifening 



mononuclear onlt 6a o cues 91 
(huktfr-Wlympbemu md 
meiherapy and etcher h - r 
patiena) treatment. It 
icuiiu y of fuch parieai 
blood is nmemntial — 
32). brad of can — r 
moved CDS' tad DR 
1-2 » U> calk in 1 ml u 
cord serum pliu 0 
cells wen tnmiferred 1 
day I) end cuitond fa 

QrewtogDCagsrcgu 
In fitt Wtt day 11 (ear l 
J).Tb9ag9tguo4r 1 
looiety attached to 
welb were robculrund 
wtlk when the 
bnent, smooth, 
nwophage tad granufc eyte 




▼erylrge 



the owflg a^yt £g |g 



inn 1 tll< 12AM * 
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thit proved uieful in identifying 
; progenitor* ib mouie blood are 
cella. 

BI»itfCm*r*tktut bring Htm* 
1 1 r/ wtnemcuomd blood 
patient* in full reniiiiou 
solid races) efox hjgh4oee ittV 
M3F (17 pirfenti) or GM-CSF (3 
u known that in the hematopoietic 
ptDgecdton arc mobilised Una tbe 
'en (0.540% CD34* QeUaJttl, 
for CD34 4 alii, %* dropl/re* 
* cella by panning, and than pUud 
of medium with 5-10%FCSor5% 
> U/ml GM-CSF. The nonadherent 
day 2 (or tn loma axnerimenta at 
16-d feeding every other day. 
mmpeardondayMandcapendad 
not taewn, but compare with Fig. 

nSk and initially were 
iter ware nenidhereni. The 
b,|,, ona well ipUt to two to three 
"yinceeaeed. or if son tightly id* 
cwaaen appeared (contaminating 
piogemmri). WaentheDCag- 
, (day 13-16), it wu ouy to du- 
the mature DO on aetriaamidi 



ISP una but 
aad e,|i, 01 . 
the call dq dry inrrvaacdL 
aoa-E C duatm 1 



Tha DO thai de*el©; od lo tbi* manner had a typical mor- 



phology by light and electron microeoepy (data not thown, 
but comparable po Rgr 3 and 6). The pnenotype wu again 
MHC dut II hch but mill far CD3/14/19/20 (data not 
shown}. MLR stimulatory Amotion vu poteat flHg. a A. 
In centrist to cord Uooc^doM DCa. CDlaaad Lag an- 
tigen* «uc not ifceo (data not anown). 

GM-CSF proved eieenrJal far DC devdopmant. G-CSP, 
M-CSF, and IL-J woe Inactive. Bxpotua to 3,000 red of 
ionuing irradiation blooked DC development. Addition of 
TNF ai 10-50 U/ml muelly, though not ahnyt, incicaaed 
DC ytelda up to rwofald, and elwtyi improved the function 
ef DCa (Fig. tfy Human rIM (SO LAP U/ml). when added 
during thaUat 24 h m aome experaenta, further increaacd 
function (Fig. 2 8), 

Starting (torn 40 ml blood and uuag both GM-CSF and 
TOP, the yield (Tihle 1) of mature DO was 4^8 * 10» at 
16 d with <0-flOlb ourity, Thii ii at lenar 20 time the yield 
of mature DO ia tab normal blood (29. 33). 

iW^^DC^iieje*^^ When' 
we ippUad the above metboda to blood from healthy adult 1. 

did observe aotno uaau\ adherent, veiled Bggroam be* 
tweaa dayi I and 16, la all 30 eepenmcnU, the aggregates 
then deteriorated and did not enlarge* leaving behind ivm* 
viable cdli or lew efian, a hW nieomphagea. Bccnuae a iBomal 
monolayer wu not evident in the cutanea, we next omitted 
the panning tup with and-CD3 and HLA-DR in cue the 
panning antitrndica removed toquired aavaauory oelk w« 
timply piaavi 10^ bulk mnnomyW cefli in lmlofnieduim 
with GM-CSF (U0 U/ml) and TNV (50 U/ml) t and after 





fl f DCt m bqUd cqiiavi tf w*mtl Mi hhoA 
m ■ m wmdXtj vi^i. undo (as tawmd ptu« omn 
lam (Jf). TW DDT^htav owtidn at tba rateim «u 
' Jpa* vdb). {A ud BQ *U; (Q mSODl 

I? Remwi 11 iL 



with OMCSr elu U-4. On eejr IS. 
evjr ?, cW DC eijgivjaia am bnane eeniaV 
fanifaadol to Atdn nag It DCi ia 
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1 d, gently raaurwd the nonadherent I)ttphocytct> Vft the* 
obaaiwai d* adherent tells ewny 12 h under the inverted mi* 
ODKOpc lb Mr wrttiae, many mall adherent agpapaa 
da/doped within 2i and mo»t vn covered with tj^icaj 
DC vdk Howwv within two more dqn. tha aggregated 
cell* became tound ad avt rfie to a monolayer or macro- 
phage. Thcta flwnu tool place whether OM-CSP or GM- 
CSP plui TNT wen added. However, by day 12-16. typical 
azMDdlK DC innatt tnpeereu ID *ome c/*e well* There 
Tggngfita wtre looaely tfflnd to an Adherent monolayer ai 
previously obtemd m mouae blood (11) fdatz not ibown). 
The DCi that wot releaied vm typical in morphology* 
phenotype (dm not ahown)* and T call acimulatoiy fane* 
oon(Pig» 2 C). The yield wu about 4% of the initial number 
of mononuclear odli plated, which b far greater than the 
0.5-1% yield of DCi In fcaah blood (28, 33). 

W ruapected from chew findingi that DC preautott were 
actually quite numerous in blcad, out that the precursor trill 
had tht potential to give die to macrophage*, The latter if 
known to ba the cm for the CFUl chat GM-CSF induces 
[p mauM (34). Since 1L-4 at 500-1,000 U/ml blocks macro- 
phage colooy fermaiinn (35), wc added IL-4 to GM-CSF and 
repeated tba experiment** 

The combination of GM-CSF and IL-4 produced two 
snildng finding Hrte* the numamut hadtlil wdled aggiegaos 
(Fig. 3 A) did am uaut&am into macrophages but rather 
bemud rapidly la alii owe* the nest few deyi (Fig. 3 £). 
Tha aggregates brcame nonadherent, dilpleyed topical veils 
all ens the periphcty, and begin to release mature DCi (Fig* 

3 C). Second, the lingle adherent ceUa (presumably mono- 
cyiei) that wen ecartosod in between tha imall adherent tg* 
gregum, ilso became nonadherent and developed procoefa* 
similar to those of typical DCa (data not shows). Growing 
DC aggregates otily formed In the prncuc ot both GM- 
CSF and IL-4- The icioal nonadherent fraction alio devel- 
oped mbi aggregates bux these were obscured by the avail 
of lymphocyte* 

After taring made thcae oburrotieni in 20 experiment** 
wo fondle simpler to use larger 35-mm wrilt The protocol 
was to place MO x plan bulk mononuclear oeQs in 3 
ml of medium, to diacaxd the nonadherent cells at 2 h with 
a very gentle rime, and to then culture the adherent ceQa 
inmcdmrnrappknant^ 

(SOD U/oal). With the abovn gentle waah. the nonadherent 
ceUa did not develop DC aggregate* bur with mere vigorous 
washing, tha aggregate mamly developed In the nonadherent 
fraction 

TbopttnunpdntDC a ggiaga aai worn verified to be moltier* 
adng by two criteria! staining of ~1Q% of tha eella with 
th» Kir67 mAb dm irirnHfin an antigca in cydiog ocll> (27) 
(Fb 4 D) f and fleaxkmiy m 3 JXDaA, In eonnut, the tightly 
adherent popolarsoai* which coald develop single celli with 
the appearance of DCe (ice abem), were nonproUSeraring u 
avfdeaeed by a lack of training with anti-KI-67 mAb (Pig. 

4 D) and a nittaaee to 3,000 rid ol irradiation. 

Tne enmbinadnn of GM-CSF md IL-4 icpredceibly gives 
riae to large growing DC aggvegatu om a S-7-d period. 




tt*ium 4. Addmi tad ptoHftiarioM . 
fnBSMB^UeoawifhGMCSFpbilM. 



i of DO gnwi 

I BertMtk i&> td dmihh libehd eywtfCe oty 

OPtaiW «9 iwaajf WA1A porltiw [A, Vft her diatJij ml? 
idull im of WtWatt HaMcrMgA). b aaanw, cuaoledbftewa 
a pvual vt&aeft ctoUm puy euenph^) iW «n iawnei F 1- 
uni voy lew KLArOU (fc^bel hiKmr OXa ctpmilca <Hf4rt. 
mA^IaKC r^ai) iaeaebi uiio&J BMeeh fnank enquiziln( alb 

^ itusiiBj of a«dU endncUi wii c^Ab K1^7 (fi) dnziPOifeiaiM 
tkit pelfaarieo ^p^nima^fD «W«(Wi 

(it-Q »300b (£l) tlflflL 

At that ttae, growth aieatially ceuoi The aggregataa then 
could bo diiaaiembled by pipetting into DCa With a typical 
rurfaea phenotype (Hg- $). cbarictariatic aocphologv it the 
light (ng- 3 C) and aloerron mimioopy laveU (if* Fig- 6)« 
aad tccong T cell nimulatoty fenction (Fig. X Human 
rIL-1 (50 LAF U/ml), when added during tha lair 24 b of 
oulrun. ampUfied the ulmulatniy function of DCi as ob- 
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Uolttcd from idea ox epukriDii 
to dow last tfcuf woodW^n ved DCi 
tod MRC *» U Qrpiod of tpftdnnft) 
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, tad Ofjy *«» edl 
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ion of oosMdty «ppo* too^odologfed la oatun but io fact 
oucbar i patboW wbcoiby to* dUtion DC Hneigt cm bt 
iodncod » piaHmit and minn from precunei* tbai ue 
lolstii^ptatlNbbwwblooA 
of our main xc&ca tbj difficulty Itbvtw In idintifyiftf 
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CD3 CD19, tod CD20. A Uc* of ttn«gaMB«d£c iaark«n 
u alio typtnLoftbi bdMdwJ buaan mjtfo5illwu|es. «-g. 
manccyaaTaautrpphiUi WapLill. and ewbopWk Hawft 

«ti» ,*d dated* CSPa, M-CSP and G-CSR DC* 
iaoiat. neoalr bm n ropond n the muhiWg* 
moki»GM-CSP (17. 14. 3*. and tWpo^ir^toip. 
phrnatypt, tad faunon is W ootW wub • enmpo«to 

^fflltt tbil Charcot iHfr— we midied for critexi» 
ihu w**a limilu to iboM that hid b«n uicd » Identify lav 
onuc DC pxpgrnfmn (•*, MHCdaiall acgati*) ia rnouae 
bM (11) £d boo. m«ow (12). Mouaa DC* prolfaa* 
within ■ dbmnoiine aggregate (bat anachas lo©9«y »n 
uadnlylai ttraaa aod ii comad with Wge J««tlikB pocena 
or voOs (compare Rg*- 1 »d 3). By difiabf, eottdUtew that 

Eta rue id luch aggngaK*. »» ni»t containing • few calls 
lit gtowlBg M >U) otUi in diameter, wv could mublUb that 



nolifatdog DC ptogenitori mx mdily doeeaM.ii» die blood 
of iB bjaWy idulik. and tost eu could *so thoe progen- 
ia,* » genette tektSwrj !*gi . aumbm of^te- : 
nuw rimulatotyDCiwitblo7d,^.V8m>ll.o»of»udi j 

" Thfa^Ll^ ,h« GM-CSF aid Irt? <b for- ; 
nurion of mitt* Wilt DC pregnuter ««g™£«' * ™^ ; 

^^SgTKl^ 5b«rS 

rLrophag/eol*, farrLioo <3SJ. allowed ««n»*e DC j 

ttudy tba prop*** of DC progenitor U. ttoodV rt« i 
oBCMMry » enrich for CD*' ->**-t» f ! 
which arc » me <<M%) * ^j^^jS 
for oDgenoui cywktaa ir a? vary fcm coe -P**""^ » j 

tloo <a.g.. TNP) by Vail, hi tbo odwre. How««r, « » to. 
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atial co add GM-CSF Exogenous TNF-cr is uiaFul 
M pc aumbm and fuoctfea, aa daieribed by Cau* 
ltd), but primarily when one met cord blood from 
the are medvfag CSF tbtrtpy to compensate for 
tjp The function of TNF-i miy be to diminish 
p producrioa (4^ 42), sod to Bdunce raponuve- 
f « early ptogeateor to GM-CSF aa by inducing the 
j of tht GM-CSF funptor (41, 42). With normal adult 
0^4 il the deiirad otogenous cytokine (bat i* co be 
] ia combination with GM-CSF. W: ampere this E«4 
_ ^juppmitaf thtffioaoeytEdiffermdidcopoten 
^ DC ptogadtpr (39). 

V GM-CSF li cwaatld to peer DCs from all sources uicd. 
/^rimui cytokine* required for optimal DC growth from 
.- jjg nrioui nucoes arc* however, itxjklngly dlfewu (TNF-oi 
ipeu IL-4), We luipect that thia if due to cha 6a that the 
pita DC pragwiten involved difle* In cord blood fibf DC 
aggagan Ikaty dam from CD34 T colli u preliminary e*> 
pjrimeae) (Romaxd, N.. unoubliihd cbwvttioai) have 
ibown chat depletion of COM" ealU from tht initial in- 
oculum vlmify abolllba the Inanition of DC aggngatm. 
TUa albo readily oqplaiae the peed to edd TNF-a which i$ 
fcpowft to luAw leipcmrivwMH to QM-CSf of CD34* ecila 
(41, 42}. Ongoing mwrimnnta tadlora that IL-4 dofi not 
eeem to eonancc develop 0 to t from preeunon char arise 
a raid blood moooaaelew ceBa rupplameeiod with GM- 
CSF aod TNFo rBrtng, DL, uapublillfd obeervitious). Ufe 
do not yes know, Lmywiu. whether la produced aadog* 
Doailyln ncheulmree. Eodogeaoua H-4 might jupprwi— 
nmiler to omgenouily added UM la adult blood adtuxn- 
tfae monocyte diffetinrietian potential of more mature DC 
pmgenicon that dative from CD34+ raultiliaeage progen* 
Jtan in rmponae to GM-CSP and TNF-a. DC developmental 
patfawm h cultures of blood derived from aacet patienti 
dttfatf Lnnatopoletlcncowy am uesueubfo unOat to cord 
Mood. Beatdea CD34* celb It is however, likely that mere 
committed praennan m alco involved aa the percentage of 



CD34* cell* ia the CD3/HLA-DR-depkted mononuclear 
cell fraction did not rferimly cunlaoj with PC yields la normal 
advdt blood Id mpoaie to GM-CSF aad TNF-a aad only 
afbs 1 prolonged adruze period (2 wk), aome DC aggivgntca 
emexgod probabh from tarty, rare DC pmgenicon similar 
to thoie In coid blood or blood of oncer paticnti duriaa 
haaatoaokdc eecovmy. The mala DC progautor(t) ip nerm 
adult blood, however; ippeer(s) to be more fevqumt aa oxjy 
2dofcultuKamiM^ocferemafvDCaggtcgato appear 
(Fig. 3). Prior work la mioa (34) and in homaaa (16) hu 
described chat the multlllaeige eoloaica chai are bduced by 
GM-CSP ia sezaliolid agai culrom ooatala all three cypa 
of myeloid pmgmv U, gxuulocytnt memphagea. aad DCk 
The ariodpal DC progenitor in normal humap pviahenl 
blood aeema more differentiated liaet granulocyta do not 
develop, Thu eomminad psogAiitor ia GM-CSF repetitive, 
aad Likely bieoccntiaL dmlopiag into aucraphagn ntb«t 
tlua DCi ualeie Ite monocyoi difienetiadoa poseetial la iup» 
prated by H-4. 

DC Aejmia** in Human Blood: Clinical Rilmmm* The 
larger nombere of DCs that axe aow available ibould help 
eh«iOMffiae two otha iasiguing &acom of the DC pheno- 
type chat ate dear-cut ip the progeny that cut be reared with 
GM-CSF and TIM from human blood. Oae ia the espnuaoo 
of FceRJ racepton which oould have a role ia atopic denvu- 
titii (2S, 38), a.g, t vie tht preaeatadoa of email ameunta of 
antigen es IgB cnmpleiBei A eeooad &atuce ia the high level 
of ocprcaiioa ofCIH the principal receptor for HIV-1 (43). 

It alio may be worthwhile to consider the ujc of IL-4 xnd 
GM-CS^ pashapa togetbae widi andgcarpulaed DC 
iton (23) t to eohaaca Immuae mpcnm ie lieu. Ie any caic, 
mathndi <bx the identification and growth of DC progen- 
iton ia human blood, especially normal adult human blood, 
ihould make it {elaible cb mEplorr the immunogenic poten- 
dal of thaie celli in dinidd tkudom, moh ai the pnaenta- 
den ef andgeai la reaiscance to infactiotu and tumon. 
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